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In this study, the effects of 18 different additive formulas constituted with xanthan and 
hydroxypropylmethylcellulose (HPMC) gums (hydrocolloids) were examined in the manu-
facture of corn starch based gluten-free bread. The additives used as alone or in combina-
tions in the bread manufacture. It was also added with mono- and diglyceride based gel 
preparations and diacetyl tartaric acid esters of mono- and diglycerides for improving gluten-
free bread characteristics. The volumes and softness of the breads have been measured as 
maximum when HPMC was used alone in increasing order from 1 to 2%. While HPMC gum 
improved the volume and softness of bread more than Xanthan gum, Xanthan gum improved 
the grain structure of crumb more than HPMC. In general, these hydrocolloids gave a good 
quality of bread in terms of moisture content, grain structure and Neumann baking coeffi-
cient values, when they were used with combinations rather than being used individually. 
Addition of surfactant to all combinations always enhanced the grain structure of bread. In 
contrast, it either worsened or did not change the volume and softness of the bread.
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Introduction
Celiac is a type of disease characterized by an immune system-induced intestinal disorder 
which caused by the interaction between the genetic and environmental factors. It is a 
malabsorption syndrome that appears in susceptible individuals after the intake of gluten 
containing foods (Holtmeier and Caspary 2006). The disease is caused by consuming of 
prolamine contained in the gluten protein complex in some cereals such as wheat, barley, 
rye, oat, etc. These are used frequently in the diet (Gallagher et al. 2004; Ciclitira et al. 
2005; Turabi et al. 2008). Alone method for the Celiac patients is giving a gluten-free diet 
(Katina et al. 2005; Gobbetti et al. 2007). In gluten-free diet, it is prohibited to eat any 
food that contains wheat, barley, rye and oat flour; however, rice, corn and other cereal 
products that do not contain gluten as well as such food as meat, fish and vegetables can 
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be consumed to an extent as desired (Gallagher et al. 2004; López et al. 2004). The fact is 
however that the gluten-free diet issue is much more complex firstly because of the fact 
that people suffering in Celiac disease are the far minority of those who have health prob-
lems (allergy, IBS etc.) caused by cereal consumption and secondly because – based on 
recent surveys – 70% of the people on gluten-free diet believe that it is a healthy lifestyle 
choice or because it is trendy. Although there are currently various alternative ready-to-
eat products for the purpose of meeting the nutritional requirements of the Celiac patients, 
especially those Celiac patients who live in the rural areas have serious troubles as these 
products are expensive and they are not easily accessible everywhere (Turabi et al. 2008; 
O’neill 2010).
Gluten is the most essential element that has very significant impacts on the techno-
logical characteristics of such products as bread, cake and pasta. Those are made of inter-
mediate products originated from wheat and determine the quality of such products 
(Shewry et al. 1997). Manufacturing other products, particularly bread making using 
some food additives as a substitute for gluten is considered among the matters that have 
been significantly emphasized by the food science and technology in recent years (Farrell 
and Kelly 2001; Turabi et al. 2008; Sciarini et al. 2010; Torbica et al. 2010). It was re-
ported for gluten-free food that finished products with improved quality can be manufac-
tured using modified starches, hydrocolloids, some herbal and animal protein sources and 
surfactants (Gallagher et al. 2004; Yaseen et al. 2005; Marco and Rosell 2008; Demir-
kesen et al. 2014) and that especially hydrocolloids can be successfully employed in 
manufacturing gluten-free bakery products to meet the functions of gluten to some extent 
(Lazaridou et al. 2007). Hydrocolloids improve the textural properties of the food in 
which they are used, retard the retro gradation of starch, improve the retention of moisture 
in food and maintain the general quality of the product during the storage (Stauffer 1990; 
Rosell et al. 2001). Surfactants cause a decrease in the specific weight of the dough, main-
tain the stable air in dough, enable the dough to have a uniform and shiny appearance, 
increase the specific volume and eating quality of the finished product, retard its staling 
(extend the shelf-life), improve the structural characteristics of the product and increase 
the attraction of the bakery products with all the above-mentioned characteristics (Birn-
baum 1978; Ebeler and Walker 1984).
Corn and rice flour and starch are frequently used in manufacturing gluten-free bakery 
products (López et al. 2004; Turabi et al. 2008) which are usually characterized with poor 
texture, low and insufficient volume, fast staling and easy crumbling (Toufeili et al. 1994; 
Gallagher et al. 2003; Mahmoud et al. 2013). Although celiac patients are not happy with 
the products, most of the gluten-free products must be inevitably eaten by the celiac pa-
tients.
In this research, it was aimed to study the effects of use of some hydrocolloids alone or 
in combinations with surfactant preparations on the quality of gluten-free bread with such 
quality that can be satisfactorily consumed by the celiac patients.
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Materials and Methods
Materials
In this research, the corn starch supplied from the Amylum Starch Co. (Adana, Turkey), 
Asuka-brand xanthan gum supplied from the Asuka Trading Co. Ltd. (Hong Kong, Chi-
na), hydroxypropylmethylcellulose (HPMC) manufactured by the Dow Chemical Co. 
(Midland, Michigan, USA), Admul 1982-brand diacetyl tartaric acid esters of mono- and 
diglycerides (DATEM) manufactured by the Quest International Inc. (Neu-Isenburg, Ger-
many), food-grade L-ascorbic acid (L-AA) manufactured by the BASF Co. (Ludwig-
shafen, Germany), enzymatically inactive non-fat soybean flour manufactured by the 
Turksoy Co. (Izmir, Turkey), baker’s yeast (pressed fresh yeast) manufactured by the 
LeSaffree-Ozmaya Co. (Adana, Turkey), potable water supplied within the campus of 
Cukurova University, and granulated refined salt, granulated sugar and vegetable oil sup-
plied from local groceries were used in gluten-free bread making.
Rikevita brand pure mono- and diglycerides in powder form (E471, Rikevita Sdn 
Bhd., Johor Bahru, Malaysia) were used in surfactant preparation used for some bread 
formulations. It was observed during the preliminary experiments that E471 is not fully 
dissolved when it is added in a powder form into dough formulation, and therefore, it is 
not uniformly distributed. Thus, E471 additive used in the research was turned into a 
preparation in gel form using the ingredients as listed in Table S1* at specified amounts 
and by applying the procedure steps as indicated in Fig. S1. To this end, food-grade 
monopropylene glycol, glycerine and potassium stearate (Yilmaz Kimya Co., Istanbul, 
Turkey) were used. All of the additives used in this study are safe for human health (In-
ternational Food Information Council [IFIC] Foundation and United States Food and 
Drug Administration [FDA] 2010; United States Department of Agriculture Food Safety 
and Inspection Service 2015) (Table S1 and Fig. S1).
In the research, Kitchen Aid’s “KSM45” model electric mixer (KitchenAid Inc., 
St. Joseph, Michigan, USA) and baking pans in which specified by American Association 
of Cereal Chemists International (AACCI) Method 10-10B (AACCI 2000) were used. 
The fermentation procedure was carried out in the fermentation chamber made of heat-
insulated material and equipped with heating system and steam unit. Baking was carried 
out in a “Wiesheu, EBO 1-64R” model stone floor oven.
Methods
Some preliminary experiments were performed during the initial phase of the research. 
Thus it was aimed to determine the appropriate values and practices for some basic pro-
cedures to be applied during the main experiments. As there could not be taken measure-
ments from many bread samples manufactured as a result of the preliminary experiments, 
these were not reflected to the content of the study. In cases where the hydrocolloids were 
not used at all, or were used at a level of 0.5% during the preliminary experiments, no 
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enough baking was observed in the dough. Therefore, no bread samples could be pro-
duced, which belongs to the control sample (hydrocolloid-free bread), and thus, no meas-
urements could be taken. With the use of hydrocolloids by 1% and above in bread mak-
ing, such breads which can be baked and are consumable with improved product charac-
teristics could be manufactured.
In the study, the impacts of different combinations of hydrocolloids and surfactants on 
the bread quality in gluten-free bread making were examined. To this end, in bread mak-
ing, 5% sugar, 4% yeast, 4% oil, 3% soybean flour, 1.6% salt, 75 mg/kg L-AA as fixed 
ingredients on the starch basis and 410 mL water per formulation (as a fixed ingredient in 
each dough formulation; 350 g starch, 17.5 g sugar, 14 g yeast, 14 mL oil, 10.5 g soybean 
flour, 5.6 g salt, 0.02625 g L-AA and 410 mL water) were used. Xanthan gum, HPMC 
gum and surfactant were used as variable ingredients. In the research, the levels of use of 
the variable ingredients on the basis of starch (experimental design) are shown in Table 
S2. In formulations where the surfactants are used (samples with even formulation num-
ber), of surfactant rate of 3.36% on the basis of starch, 2.86% (10 g) consisted of the 
surfactant preparation in gel form and the remaining 0.5% consisted of (1.75 g) DATEM. 
Bread making experiments with 18 different formulations as shown in Table S2 were 
carried out three times, and to this end, 54 dry ingredient bags were prepared in total. In 
these bags used in the experiments, there were fixed amount of ingredients in dough form, 
starch, sugar, soybean flour and L-AA, while DATEM was included in these bags in ad-
dition to the foregoing ingredients for the formulations where surfactants were used. In 
preparation of the bags for dry ingredients used in the research, 250 g starch was weighed 
for each bag at first and this was followed by the addition of other fixed dry ingredients in 
the bags on the basis of 350 g starch. After the additives (Xanthan and HPMC gums) 
which were used in different compositions and ratios in each experiments had been indi-
vidually weighed on a precision scale, they were made uniform by being mixed with 
100 g starch in a mixer at low speed (65 rev/min) for 15 s. Then this mixture was uni-
formly mixed with the previously prepared starch and other fixed dry ingredients mixture 
and they were stored at suitable conditions in the laboratory until they were used in bread 
making experiments. In the research, the procedure followed for bread making is dia-
grammatized in Fig. S2. 
Mixing, fermentation and baking periods as well as fermentation and baking tempera-
tures applied in the research were determined as a result of the preliminary experiments. 
Bread analysis
Loaf volume of breads was measured by rapeseed displacement method in cm3 (AACCI 
2000). The volume of the bread made from 100 g starch on the basis of 14% moisture was 
calculated as the volume yield (Gul et al. 2009). For the purpose of determining the vol-
ume yield of bread samples, the dough formula and starch content in the formula were 
taken into consideration and the calculation was made by proportion. Moisture content of 
breads was determined with the help of the drying oven and final weighing procedure was 
performed after the bread samples had reached a certain weight (AACCI 2000). Crumb-
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grain structure was evaluated visually and judged according to the Dallman scale 1–8 
with higher Dallman scale numbers indicating smaller pores and more dense structure in 
bread (TSE 1987). SUR penetrometer PNR 6 (SUR Berlin, Germany) with 200 g of total 
test weight was used to determine the crumb firmness (penetrometer values) of the fin-
ished product as indicated by Ozer and Altan (1995). In determining the crumbling value 
of breads, the bread samples were precision weighed (g) on an appropriate scale at first 
and then they were cut into 1 cm slices with the help of a “Bosch” electrical knife. All 
bread slices obtained after cutting were weighed and the crumbling values of bread sam-
ples were calculated by proportioning to the initial bread weight. In calculating the Neu-
mann Baking Coefficient (NBC) values of the bread samples, the pore scale (Table S3) 
developed by Dallman was used (Uluoz 1965). 
NBC value developed by Neumann was calculated by taking the volume and pore fac-
tors into account (Neumann 1929):
where the volume of bread made of 100 g starch is 400 cm3, the volume factor was ac-
cepted as 100, and calculated by adding 100 to the half of the amount higher than 400 cm3 
for the breads with a volume higher than 400 cm3 (Uluoz 1965). Pore factor was deter-
mined using the values as provided in TS 5000 (TSE 1987) and Table S3. Moisture con-
tent, crumb firmness and crumbling were measured within 6 and 24 h later than bread 
samples were removed from the oven and other analyses were conducted within 6 h later 
than the breads were removed from the oven.
Statistical analysis
All experiments were carried out in three replicates. Analyses of variance (ANOVA) were 
conducted by using the Statistical Analysis System procedures (SAS Institute, Cary, NC, 
USA). When a significant difference was found between the treatments, Duncan’s multi-
ple range tests were performed to determine the differences among the mean values 
(P < 0.01).
Results
Average volume yields, pore and NBC values, moisture content, crumb softness and 
crumbling values of breads samples were given in Table S4. Different hydrocolloids and 
their different ratios as well as whether surfactants were used had a significant impact on 
the volume yield values of the breads (P < 0.01).
The best result in terms of volume yield was found in the bread sample (912 cm³/ 
100 g starch) made on the basis of the formula where HPMC was used at a level of 2% 
(Table S4). The volume yield achieved when the same level of xanthan gum was used was 
550 cm³/100 g starch (formula 5). When the volume yield values were examined together 
NBC = Volume factor Pore factor×
100
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with all the use levels of the gums as taken into consideration during the experiment (1%, 
1.5% and 2%), it was concluded that HPMC gum has an apparent superiority over xan-
than gum. The highest volume yield achieved when both hydrocolloids (751 cm³/100 g 
starch – formula 17) were used together was much higher than that was achieved with the 
breads where xanthan gum was used alone; however, there could not be achieved the re-
sult of the breads where HPMC gum was used. 
The pore values of bread samples vary in a wide range between 1.6 (formula 9) and 7.3 
points (formulas 2 and 6). The samples with the best crumb-grain structure are the sam-
ples no 2, 6 and 18 which include surfactant and xanthan gum in their composition (7.3, 
7.3 and 7 point, respectively), and the samples with the worst crumb-grain structure are 
the samples no 9, 11 and 7 which include only HPMC gum in their composition (1.6, 3 
and 3 point, respectively). The factors studied hereunder have a significant (P < 0.01) 
impact on the pore structure of bread samples (Table S4).
NBC value of the bread made using the formula 17 is significantly higher than the 
value of other samples (Table S4). This is because both volume yield (751 cm3/100 g 
starch) and crumb-grain structure (6.6 point) of the relevant sample are high. The addi-
tives and their ratios have a significant (P < 0.01) effect on the NBC values of breads.
In terms of NBC value, the best results were usually achieved from the studies where 
both hydrocolloids were used together in its composition but surfactants were not used 
(formulas 17, 13 and 15). NBC values of the breads where HPMC gum was used alone 
are better than the breads where xanthan gum was used alone. In general, NBC values 
increased in parallel to the increase in the usage ratio of gums (Table S4).
The moisture content of breads (Table S4) at the 6th h is different for the first sample 
(formula 1; 36.22%) than the last sample (formula 18; 39.36%). The breads with the high-
est moisture content are made using the formulas 18, 17, 16, 15 and 14, while those with 
the lowest moisture content are made using formulas 1, 8, 2, 7 and 3. 
After a storage period of 18 h, the moisture content of bread samples slightly de-
creased. This suggests that the additives used are effective in retention of the moisture 
content of breads. After a storage period of 24 h, the moisture content of breads decreased 
at various rates ranging between 0.1% (formula 6) and 1% (formula 13) compared to the 
6th h. The moisture content of breads in 1 day after they had been removed from the oven 
did not statistically decrease – in general – compared to the 6th h following their removal 
from the oven (P > 0.01; in measurements at two-hour intervals [6th and 24th], the mois-
ture content of the breads were designated with the same letter. There was only a limited 
change in samples 1, 12 and 15). There was not seen any significant impact of a specific 
type of gum on the moisture loss in the breads caused by the storing. It was concluded that 
the procedures applied in the experiments had a clear and significant (P < 0.01) effect on 
the moisture content of the breads.
While the highest penetrometer values of breads for the measurements at the 6th h were 
seen in the formulas 11, 9 and 7 (126.2, 118.7 and 109 1/10 mm, respectively); the lowest 
penetrometer values were observed in the formulas 1, 8 and 5 (39.3, 48 and 51.8 1/10 
mm, respectively). The formulas where the HPMC gum was used alone (without sur-
factant) had the best values in terms of the crumb softness (Table S4). 
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It was observed that the values at the 24th h are consistent with those at the 6th h 
(Table S4). After a storage period of 18 h, the crumb softness values of the breads de-
creased at a rate ranging between 48% (formula 17) – 76% (formula 14).
In the breads which contains only gum in their composition as an additive (without 
surfactant), the penetrometer values of bread increased, as the level of hydrocolloid in-
creased. However, this increase was found statistically insignificant (P > 0.01). The use of 
surfactant in the experiments where xanthan gum was used alone increased the crumb 
softness of the breads (first six formulas) and the use of surfactant in the samples where 
HPMC gum was used alone caused a significant decrease on the crumb softness values of 
the breads (P < 0.01). In the formulations where both gums are used together, the use of 
surfactant did not improve the crumb softness values of the breads (P > 0.01). The impact 
of the additives and their ratios on the crumb softness of the breads were found to be 
significant (P < 0.01).
There is no statistical difference (P > 0.01) between crumbling values of the breads, 
especially depending on the high differences between the parallel measurements in some 
bread samples (Table S4). In general, the breads made of HPMC gum crumble much 
more than the breads made of the xanthan gum do. As expected, usually after storing, 
crumbling value of bread samples decreased – except for 2 formulas. For the formula 3, 
after a storage period of 18 h, crumbling value of the bread samples increased, while it 
remained almost the same for the formula 5. It was considered that crumbling decreased 
(at the 24th h) due to the migration of moisture between the crumb and crust after storing. 
In the all of the breads, crumbling value remained below 1%. Although there were con-
siderable differences in places between the samples in terms of crumbling values, there 
was no statistical difference (P > 0.01). 
Discussion
In the study, the use of surfactants did not work in terms of increased volume and they 
caused a significant (P < 0.01) decrease in the volume yields of the breads made using 
HPMC and HPMC and xanthan gum. The findings of this study are consistent with the find-
ings of those researchers reporting that HPMC gum increases the bread volume much more 
than other gums and enhances softness (Bell 1990; Rosell et al. 2001; Shin et al. 2013). 
In the comparison of the breads made using both hydrocolloids in terms of their crumb-
grain structure, use of the xanthan gum alone offers a significantly better improvement in 
the pore structure of breads than the use of the HPMC gum alone. It was further found that 
pore structure of the breads where both gums were used together (formulas 13, 15 and 17) 
is better than the breads where the gums are used alone. In the experiments carried out 
with the same gum, no significant (P > 0.01) impact of the differences in gum ratios was 
seen on the pore structure of the bread samples. As expected, adding surfactants to the 
dough formula significantly (P < 0.01) improved the pore structure of the breads. 
In the study, it was observed that there were cracks especially within the areas close to 
the crust of the breads, which only consist of HPMC (the pore structure of bread was 
deteriorated in the locations where these cracks are seen), so these breads had achieved 
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low scores (Table S4). The lower elasticity of the HPMC gum compared to the xanthan 
gum at baking conditions had an impact on such cracks (Lazaridou et al. 2007). Adding 
surfactants to dough formulations consisting of HPMC gum significantly (P < 0.01) im-
proved bread crumb-grain structure. 
It was reported that the NBC value should be minimum 100 for high-quality bread 
(Uluoz 1965). In the study, for 15 of the breads made using 18 different formulations, 
NBC values were found to be higher than 100 (Table S4). On the other hand, the breads 
made using formulas 1, 3 and 8 were found to have NBC values lower than 100.
The bread samples with the highest moisture content are achieved using the formula-
tions where the gums are used in combinations and that the moisture content of breads 
increase in parallel with the increase of gum level on the basis of starch both the combina-
tion formulas and the formulations where the gums are used alone. Furthermore, the 
moisture content of the breads containing HPMC gum is higher than those containing 
xanthan gum and that water retention capacity of the breads improve with the combined 
use of both gums. The findings obtained in this stage of the study are consistent with the 
reports of Stauffer (1990), Gallagher et al. (2004) and with the findings of Rosell et al. 
(2001), Gujral et al. (2003) and Crockett et al. (2011). It was further observed that com-
bined use of hydrocolloid(s) with surfactants in dough formulation did not have a signifi-
cant (P > 0.01) impact on the moisture content of breads compared to the breads made 
without using surfactants (Pyler 1988). 
While the moisture content of breads at the 24th h showed no major change compared 
to the 6th h, their crumb softness quite significantly reduced. This reveals that the breads 
stale over time. The major factors that have an impact on the staling of bread include 
starch retro gradation, moisture content, protein content and quality of bread as well as 
ambient temperature (Bechtel 1955; Pomeranz and Shellenberger 1971; Pyler 1988). 
High staling values achieved in the study are not attributable to the moisture content of 
the breads in accordance with the data obtained from the moisture values but especially 
associated with the retro gradation of corn starch as well as protein content and quality 
that affect the rate and degree of the retro gradation process. As starch is used instead 
of flour in the study, starch is almost entirely composed of carbohydrates and its com-
position has practically no protein content (while wheat flour contains 10–15% pro-
tein), caused the quickly get stale of the bread samples, although they did not lose 
moisture. 
It was observed that the crumb softness of breads usually vary in accordance with the 
volume yields of breads. It was also highlighted by Krog (1981) and Ozer (1998) that 
there is a linear relationship between the volume yield and crumb softness values of the 
breads. 
Gluten free formulations for bread making are developed all around the world, using 
numerous non-cereal source materials. We applied corn starch as the main component in 
our formulation. Our finding can be generalized and applied for other formulations like 
rice flour based, manioc starch based, etc. products.
The impact of the hydrocolloids and their ratios and whether the surfactant was used 
on the volume yield, crumb-grain structure, NBC value, moisture content and penetro-
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meter values was found to be significant (P < 0.01), while their impact on crumbling was 
found to be insignificant (P > 0.01; Table S4). HPMC gum was found to be more effective 
than the xanthan gum at any level of use in terms of bread volume yield. However, the 
cracks that were seen on the crust structure of breads became clear because of the increase 
of HPMC gum level in the additive formula. Xanthan gum was significantly superior to 
the HPMC gum in respect of the crumb-grain structure. Moisture content of the breads 
did not attain a level that may adversely affect their consumption. 
The use of surfactants along with the gums improved the pore structure of the breads, 
while it did not have any impact on nor adversely affect other characteristics of the breads. 
Moisture contents, pore structures and thus NBC values of the breads made using the 
formulas where the gums were used together resulted in much higher values than the 
breads where the gums were used alone and there was not seen any clearly positive im-
pact of the combination formulas on other measurements.
Considering all findings of the study together, it was concluded that high-quality glu-
ten-free breads can be made, if both hydrocolloids were used in combination, that the 
combined use of 0.75% xanthan gum and 0.75% HPMC gum was useful by taking the 
personal observations into consideration and that the overall structural characteristics and 
taste of the bread made using the additive combination as specified above were close to 
the white bread. 
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